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Abstract
We have investigated experimentally the magnetoresistance of strongly asymmetric double-wells. The structures were pre-
pared by inserting a thin Al0.3Ga0.7As barrier into the GaAs buffer layer of a standard modulation-doped GaAs/Al0.3Ga0.7As
heterostructure. The resulting double-well system consists of a nearly rectangular well and of a triangular well coupled by
tunneling through the thin barrier. With a proper choice of the barrier parameters one can control the occupancy of the
two wells and of the two lowest (bonding and antibonding) subbands. The electron properties can be further influenced by
applying front- or back-gate voltage.
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1. Introduction
Amagnetic fieldB‖ applied parallel to the quasi-two-
dimensional systems of electrons confined in double-
well structures is known to couple strongly to the elec-
tron orbital motion and to change dramatically the
electron energy spectra. The magnetoresistance oscil-
lation observed on coupled double quantum wells rep-
resents a striking manifestation of van Hove singulari-
ties in the B‖-dependent density of states, correspond-
ing to the depopulation of the antibonding subband at
a critical field B‖ = Bc,1, and to the splitting of the
Fermi sea into two separated electron sheets at a sec-
ond critical field Bc,2 [1,2,3,4]. There can also be the
third critical field Bc,3 [5] at which the system returns
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to the single layer state due to depletion of the trian-
gular well.
2. Experiments
Strongly asymmetric double-well structures were
prepared (by MBE method) by inserting a thin
Al0.3Ga0.7As barrier into the GaAs buffer layer of
standard modulation-doped GaAs/Al0.3Ga0.7As het-
erostructures. The resulting double-well system con-
sists of a nearly rectangular well and of a triangular
well. The bonding and antibonding subbands are
formed by tunnel-coupling of the ground states in
individual wells.
The resulting separation of the bonding and anti-
bonding levels depends on the position and on the
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thickness of the barrier. The minimum separation is
achieved if the barrier is located close to the center of
mass of the two-dimensional electron layer. With the
barrier closer to or farer from the interface the bonding
and antibonding subbands become more separated.
Two types of structures with similar bonding and
antibonding energy levels can be prepared: (i) The bar-
rier is far from the interface and only a small part of
electrons is in the triangular well. (ii) The barrier is
close to the interface and the majority of electrons is
in the triangular well.
The occupancy of the wells can be further modified
by applying front- or back-gate voltage. The back-gate
voltage will influence strongly the structures of the first
type while the samples of the second type will be more
sensitive to the front-gate voltage.
The response of a structure to the applied in-plane
magnetic field depends on its type.
For both types the Fermi contours are two concen-
tric circles at B‖ = 0. The in-plane field B‖ induces a
transfer of antibonding electrons to the bonding sub-
band and the shift of the centre of mass of the electron
layer closer to the interface [4].
The Fermi contour of the antibonding subband
changes its shape, shrinks and, at a critical field Bc,1,
disappears. All electrons occupy only the bonding
subband and form a wide single layer. The magnetore-
sistance approaches a pronounced minimum as the
density of states (DOS) is halved and, therefore, also
the electron scattering rate.
Upon further increasing B‖, the system undergoes
a transition from a single-layer to a bilayer state. A
neck in the peanut-like Fermi contour becomes nar-
rower and, at B‖ = Bc,2, the contour splits into the
Fermi lines of two independent electron sheets localized
in the rectangular and triangular wells. At this second
critical field, the DOS has a logarithmic singularity and
the magnetoresistance reaches a sharp maximum.
Above Bc,2, the shift of the electron sheet towards
the interface continues. In the first type of structures
all electrons are transfered into the rectangular well at
a third critical field Bc,3 and the 2D system re-enters
the single-layer state [4]. An example of the magne-
toresistance trace and the calculated DOS is in Fig. 1.
The aim of this paper is to study the influence of
front- and back-gate voltages on the above mentioned
critical fields.
Two samples grown byMBE were studied. The Sam-
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Fig. 1. Magnetoresistance ∆ρ/ρ(0) together with the cal-
culated density of states ∆g/g(0). Sample A.
ple A with a wide rectangular well and the Sample B
with a narrow rectangular well. In Table 1, the width
of the rectangular well is denoted by d, the width of the
barrier is w. The experiments were carried out at tem-
perature 0.4 K, using low-frequency (13 Hz) ac tech-
nique.
Table 1
Sample d w Nb Na N µ
(nm) (nm) (1011cm−2) (105cm2/Vs)
A 10 3.4 3.02 0.25 3.27 1.16
B 7 1.7 2.64 0.57 3.21 0.97
The presented characteristics of 2DEG have been ex-
tracted from the data taken in perpendicular magnetic
fields. The total electron concentration N and the elec-
tron mobility µH were calculated from the low-field
Hall and zero-field resistivities, respectively. The par-
tial concentrations of electrons in the subbands,Nb and
Na, were determined from the period of Shubnikov-de
Haas (SdH) oscillations.
3. Results and discussion
3.1. Sample A
The Sample A has a 10 nmwide rectangular well and
only the minority of electrons is behind the barrier in
the triangular well. Therefore, it is a good candidate
for application of the back-gate voltage. (The magne-
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Fig. 2. Magnetoresistance traces for Sample A measured in
B‖ for different back-gate voltages.
toresistance obtained for zero gate voltage is shown in
Fig. 1.)
Experimental curves for a range of back-gate volt-
ages are presented in Fig. 2. The back gate has strong
effect on the electrons of low-populated triangular well.
While the critical fields Bc,1 and Bc,2 do not depend
substantially on the applied gate voltage, the third crit-
ical fieldBc,3 (at which the system returns to the single
layer state) is very sensitive to the change of the to-
tal concentration N induced by the back-gate voltage.
An increase of N due to positive back-gate voltages
leads to a shift of Bc,3 to higher magnetic fields. At
higher possitive back-gate voltages there are too many
electrons in the triangular well and the minimum in
magnetoresistance corresponding to Bc,3 is beyond the
available magnetic fields.
3.2. Sample B
The Sample B has a 7 nm wide rectangular well. The
application of the front-gate voltage has evenmore dra-
matic effect on its electronic structure than the back-
gate on the Sample A.
As it can be deduced from resistivity curves in Fig. 3,
the negative gate voltage reduces the electron con-
centration N and is able to empty the antibonding
subband without application of the in-plane magnetic
field. At the same time, the sheet of electrons is re-
pulsed from the interface behind the barrier, i.e into
the triangular well.
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Fig. 3. The resistivity of Sample B dependent upon the
front-gate voltage.
Qualitatively, the variation of the resistivity is ex-
pected to be proportional to the scattering rate (which
is approximately doubled at the crossover from the
single-subband to the double-subband occupancy) and
inversely proportional to the concentration N . This is
schematically sketched in Fig. 3 by dotted lines. The
zero-field resistance exhibits an oscillation correspond-
ing to this scheme with the crossover around UFG =
−13 V. The single-subband to the double-subband oc-
cupancy is confirmed by a sudden change of period of
SdH oscillations observed on the magnetoresistanence
trace measured at B⊥ = 0.5 T. The fast oscillations
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Fig. 4. The dependence of partial concentrations and of the
mobility on the gate voltage. Sample B.
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for UFG < −13 V are attributed to the single-subband
occupancy, the slow oscillation above UFG = −13 V
are due to Nb electrons in the bonding subband.
The quantitative results for the dependence of par-
tial concentrations and of the mobility on UFG, ob-
tained from low fieldmagnetoresistance measurements,
are summarized in Fig. 4. Here we assume that the
Hall voltage determines the total concentration, N =
NHall, and only electrons in the bonding subband are
responsible for the SdH oscillations, Nb = NSdH , when
two subbands are occupied.
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Fig. 5. Magnetoresistance traces for Sample B measured in
parallel field configuration for different front-gate voltages.
The gate-voltage values are printed near the corresponding
curves.
Magnetoresistance traces for Sample B, measured in
parallel field configuration for different front-gate volt-
ages, are displayed in Fig. 5. Positive gate voltages shift
the critical fields Bc,1 and Bc,2 to higher values as N
(andmainlyNa) increase. As the negative UFG reduces
Na, Bc,1 shifts to lower fields and the corresponding
singularity becomes less pronounced. The same is true
also for Bc,2. While Bc,1 disappears as Na → 0, we at-
tribute the suppression of the logarithmic singularity
at Bc,2, related to the single-layer/double-layer transi-
tion, to the fact that, at most negative UFG, no neck is
formed on the Fermi contour, the Fermi contour does
not split into two parts and no independent electron
sheet is formed in the rectangular well.
4. Conclusions
The magnetic field oriented in parallel to the 2D elec-
tron system induces a deformation of the Fermi con-
tours corresponding to bonding and antibonding sub-
bands, depopulation of the higher occupied subband
at the critical field Bc,1, and the transition into the de-
coupled bilayer at the critical field Bc,2.
With the small concentration of electrons in the tri-
angular well, we can observe the third critical fieldBc,3
at which the triangular well is emptied and the system
returns to the single layer state. The critical field Bc,3
is strongly dependent on the back-gate voltage.
The negative front-gate voltage can empty the anti-
bonding subband and suppress Bc,1 and Bc,2 in sam-
ples with small concentration of electrons in the rect-
angular well. In that case, no single-layer/double-layer
transition occurs.
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